To characterize normal patterns of intestinal motility by ultrasound (US) in the preterm neonate during the first 5 days of life. STUDY DESIGN: Bowel US examinations were performed with an US machine (Vivid-i, General Electric) equipped with a 13-MHz linear and 7 MHz sector transducer. Still images and clips were taken from all abdominal quadrants along with Doppler of the superior mesenteric artery. Cumulative motility (CM) was quantified for each patient. Comparisons were made between CM for each day of life. Inter-observer correlations were made using the intra-class correlation coefficient. Notation was made of feeding status, bowel sounds and clinical demographics. RESULT: Twenty infants were enrolled in the study. Seventeen infants had 5 days of complete US results available. Mean CM visualized on day of life (DOL) 1 was 28 ± 12. By DOL 4 (38 ± 17, P ¼ 0.006) and DOL 5 (41 ± 20, P ¼ 0.008) mean CM increased. There was no difference in the resistance index on days imaged. Mean CM correlated with days to reach full feeds and gestational age, but gestational age was a stronger predictor of days to reach full feeds. Intra-observer correlation coefficient was 0.84. CONCLUSION: Real-time US provides a quantitative measure of intestinal motility in the preterm infant. Further studies are needed to establish the link between bowel US findings and feeding tolerance.
INTRODUCTION
Real-time ultrasound (US) is a clinical tool used in a number of medical fields such as cardiology, obstetrics and emergency medicine where the primary physician interprets images. 1 The portability and ease of use of US along with the small size and thinner body fat of neonates makes this modality a potentially useful bedside diagnostic tool for neonatologists. 2, 3 In neonatology, real-time US is increasingly being used to evaluate intraventricular hemorrhage, assess cardiac function and aid in placement of central catheters. [2] [3] [4] [5] [6] Concerns about abdominal pathology and feeding intolerance often present clinical management challenges to neonatologists, because preterm infants are at higher risk for necrotizing enterocolitis (NEC), a potentially devastating intestinal disease. At present, most neonatologists use clinical signs or tests such as abdominal distention, gastric residuals, stooling pattern, bowel sounds and abdominal radiography to determine intestinal health. 7 These current approaches are poor and lack sensitivity and specificity, best illustrated by the fact that abdominal radiographs regularly miss frank perforation in the sick neonate. 5, 8 Real-time bowel US (RTBUS) is a relatively new tool that can aid in the diagnosis of NEC. US findings such as echogenic bowel, pneumatosis, bowel wall thinning and lack of perfusion to intestinal loops, are strongly indicative of NEC and NEC severity. 9, 10 Radiographs are much less sensitive for detection of necrotic bowel when compared directly to RTBUS. 10 To our knowledge, no previous studies have focused solely on defining normal patterns of intestinal motility and appearance using bowel US in the preterm neonate. Having a quantifiable measure of intestinal motility may have wide applications to clinical issues in the neonatal intensive care unit (NICU) such as the initiation of feeds, feeding intolerance, post-surgical ileus or NEC. The objective of our study was to characterize normative patterns of intestinal motility by RTBUS in the preterm neonate during the first week of life.
METHODS
This was an observational pilot study using RTBUS with study approval from the Institutional Review Board at the University of California San Diego (UCSD).
Study population
Preterm infants 23 to 36 weeks gestation at birth were enrolled in this study from May 2010 to November 2011. Infants were recruited within the first 24 to 36 h of life for participation. Infants that were cared for in the NICU at UCSD were recruited if there was no suspected or known gastrointestinal pathology, congenital heart disease or chromosomal abnormalities.
US examinations
Infants underwent serial RTBUS examinations for the first 5 days of life in a pre-prandial state defined as no 430 min before a feed. A single clinician, a neonatal fellow at UCSD (DAR), performed all US examinations. The US training experience for neonatal fellows at UCSD includes a structured introduction to US in addition to at least 9 weeks of dedicated rotation time for one-on-one US practical experience. Specific training for RTBUS for DAR was supervised by JHK over a series of studies to document adequate technical skills. The senior author (JHK) has had extensive training in bowel US over the past 8 years. The US equipment consisted of the GE Vivid-i US machine, which was equipped with 13 MHz linear and 7 MHz phased array sector transducers. The RTBUS procedure consisted of collection of grayscale and Doppler images of the intestine in the four abdominal quadrants. To examine intestinal motility, 30 s (three consecutive ten second clips) grayscale clips were stored from each abdominal quadrant with the linear probe. There was no distinction made between small or large bowel in the acquired images. In addition, Doppler of blood flow in the superior mesenteric artery (SMA) was measured with the phased array probe. All studies were transferred and stored on a secure image server. A separate EchoPAC computer workstation connected to the image server was used for image viewing and data analysis. Images and videos were reviewed for quality and assessment of motility. To assess motility, the authors identified all distinct bowel loops visualized in the video clips and counted movements in each of the bowel loops identified in the clip to come up with motility count for each quadrant.
Videos were classified as poor, fair or good. Motility was quantified as the total number of distinct peristaltic movements visualized in each abdominal quadrant over 30 s. Cumulative motility (CM) was calculated as the sum of motility from all four abdominal quadrants. Mean motility (MM) was calculated as the mean number of distinct peristaltic movements per patient on each day of life imaged. SMA Doppler tracings were analyzed and the resistance index was calculated. A global descriptive score of bowel activity was also assigned for each quadrant with the following categories: no, low, normal, or hyperactive peristalsis. Two reviewers (DAR and JHK) independently reviewed and scored the images and videos obtained for this study.
Clinical information
Clinical demographic data were collected on each infant enrolled. Daily feeding volumes, evidence of feeding intolerance (abdominal distention, residuals, delayed passage of stools), and presence or absence of bowel sounds were noted. The clinician performing the US examinations was not involved in the clinical care for the patients enrolled. US examinations done for the study were not used for clinical care.
Statistical analysis PASW (version 18) (IBM, New York, NY, USA) was used for statistical analysis. The paired t-test and repeated measures analysis of variance were used to make comparisons of CM and MM on each day of study to day of life (DOL) 1. Inter-observer variability for determining CM where made using the intra-class correlation coefficient. Descriptive statistics were used for clinical demographic information. Simple linear regressions were done to evaluate the relationships between days to reach full feeds, gestational age and CM.
RESULTS

Demographics
Twenty infants were enrolled in the study. Clinical characteristics are listed in Table 1 . Seventeen of the 20 infants had a complete set of US examinations done. One infant was discharged home on DOL 4, and two infants became clinically unstable during the study period and so the principal investigator elected not to image them on DOL 4 and DOL 5.
Motility trends Video clip 1 demonstrates a representative video image of bowel motility as visualized by US (see Supplementary data). Image quality was noted to be good or fair in 56% of the studies performed. Mean CM as visualized on DOL 1 was 28±12. The difference in CM from DOL 1 became statistically significant by DOL 4 and DOL 5 ( Table 2 and Figure 1 ). Motility was observed in all four quadrants on each day of life visualized, however, motility was more pronounced in the lower quadrants and the left upper quadrant. The peak number of movements visualized in a single quadrant on DOL 1 had a mean of 11 (5 to 17) and 15 (5 to 27) on DOL 5, P ¼ 0.02. Global assessment of motility per quadrant was noted to be 'low' for infants with mean 3±1.7, 'normal' for infants with mean 9 ± 3, and 'hyperactive' for infants with mean 17 ± 4.5. Bowel sounds were noted to be present on each day of life for each infant imaged. Three patients included in the study actually had a decrease in their CM during the study period (Figure 1 : infants no. 6, 13, 17). One infant was not fed during the study period and was noted to have a patent ductus arteriosus that the clinical team elected to treat in addition to persistent dark residuals from the orogastric tube. The other two infants, however, were clinically well and advancing on feeds by DOL 5.
Peak systolic velocity increased from DOL 1 to DOL 5. However, there was no difference in the resistance index on DOL 1 to DOL 5 ( Table 2 ). Infants exposed to magnesium had decreased motility on RTBUS compared with infants not exposed to magnesium (Mg) on DOL 1. This difference in CM was still significant on DOL 5 with Mg exposed infants (n ¼ 10) mean ¼ 31 (range 13 to 57) versus non-exposed infants (n ¼ 7) mean ¼ 56 (36 to 80) P ¼ 0.006. This association remained significant when adjusting for gestational age. Mean Mg level on DOL 1 was 2.7 meq l À 1 for Mg exposed infants and 1.7 meq l À 1 for Mg non-exposed P ¼ 0.01. There was no difference in resistance index in the Mg exposed compared with the Mg non-exposed infants.
On study day one, four of the 20 infants enrolled had received enteral feeds, and by study day 5, 15 infants had started to receive enteral feeds. The mean day initiation of feeds was DOL 3 (1 to 18) and mean day to reach full feeds was DOL 16 (2 to 70). CM on DOL 5 correlated inversely with days to reach full feeds (r ¼ 0.53). Days to reach full feeds also correlated with gestational age (r ¼ 0.83). However, when both factors, gestational age and CM, were included in a linear regression for days to reach full feeds, gestational age at delivery was found to be a stronger predictor of days to reach full feeds. There was no significant relationship between feeding tolerance and CM. The intra-class correlation coefficient was 0.84 with 95% confidence interval of 0.76 to 0.89.
DISCUSSION
Our observations of increased intestinal motility over the first 5 days of life as measured by CM and MM are congruent with previous measures of intestinal motility using manometry to quantify intestinal motility. Berseth et al. 11 demonstrated increasing motility with gestational and postnatal age in an unfed preterm infant population. However, manometry is a highly invasive technique that requires specialized equipment and skill, making this option neither easily accessible nor palatable for the infants and physicians working in the NICU. We focused on developing an immediate quantification of regional motility by US to provide direct correlation with the current intestinal state of the neonate. Unlike manometry, this real-time assessment of intestinal motility is easily obtainable and seems to reflect the function of the intestine more so than bowel sounds, which despite changes in feed volumes or clinical state of the infant were always noted to be present and could not provide localization information.
We reported out the MM per patient on each day of life imaged and the CM per patient on each day of life imaged. During the course of our study, we found that there is a degree of variability in the amount of activity visualized per quadrant. In using the mean contractions per patient statistic, the range of activity visualized is somewhat muted. Therefore, we choose to focus on CM as this measure seems to be the most clear and reproducible manner in which to quantify motility.
Our finding of increasing peak systolic velocity in the SMA over time in the first 5 days is consistent with prior studies chronicling changes in mesenteric blood flow. [12] [13] [14] Some other studies have examined the use of SMA resistance index as a predictor for tolerance of feeds in the preterm neonate. 15, 16 Our study did not find a significant difference in the resistance index based on day of life imaged. This may have been due to the wider range of gestational ages included in our study. Additionally three infants were noted to have a patent ductus arteriosus and treated with indomethacin during the study period, which may have had an effect on mesenteric blood flow. 17 Other medications that infants were exposed to during the study such as caffeine may also affect mesenteric blood flow as well. 18 It is standard practice in our unit to load premature infants with caffeine shortly after delivery in an effort to promote greater respiratory success on CPAP. Therefore, the majority of infants (15/20) enrolled in the study were receiving caffeine during the time period that US examinations were acquired which may contribute to the incongruence of Doppler progression with other cohorts.
A large number of the infants included in our study were exposed to magnesium before birth. This practice is more common place given recent publications on the role of magnesium in neuroprotection of the preterm neonatal brain and current obstetrical recommendations. [19] [20] [21] [22] [23] [24] [25] A recent article by Havranek et al.
26 found no correlation between magnesium level and SMA blood flow in infants born to women given magnesium for maternal indications such as pre-eclampsia or tocolysis. In a retrospective cohort study of neonatal outcomes in infants exposed to magnesium for neuroprotection, Basu et al. 21 found that infants exposed to antenatal magnesium took longer time to reach full feeds compared with infants not exposed to magnesium. These findings would seem to be in line with our findings of decreased CM; however, our small sample size and lack of data on Mg levels on DOL 5 makes it difficult to further analyze feeding tolerance in relation to magnesium level. Further studies should begin to explore this association in greater detail.
In the current clinical climate, US is becoming a more commonly used non-invasive tool by the neonatologist. A few prior studies have investigated the usefulness of grayscale and Doppler US as a diagnostic tool in identification of specific intestinal pathology such as NEC and intestinal perforation, 5, 8, 9, 10 and in some cases, US is more sensitive and specific than plain radiographs in identifying necrotic bowel. 10 Poor Doppler progression and prenatal hemodynamic disturbance in small for gestational age infants have been correlated with poor tolerance of feeds. 16, 27, 28 Doppler of the SMA is reflective of overall mesenteric blood flow but not necessarily reflective of regional trends in peristalsis. This is evidenced by our findings of increasing CM on each day imaged with no change in SMA resistance index. Furthermore in a clinical environment, SMA Doppler may be more difficult to interpret compared with the CM index.
One of the limitations in the use of RTBUS is the presence of artifact. Approximately 56% of the studies included were noted to have good or fair visualization of bowel. Both interpreters reviewed all images despite variability in image quality, which may have led to greater variability in interpretation of the images. The other limitation of our study is the small sample size. Although we were able to demonstrate changes in CM with gestational and postnatal age, we cannot comment strongly on the effects of feeding as only 5 of the 15 infants that had started feeds reached full feeds at the conclusion of the study. Therefore, to make more clinically meaningful interpretations further studies with feeding are required.
Our study highlights the ease at which motility can be visualized and quantified reliably by this bedside technique. The normative data presented in this study provides a range of what can be expected in this preterm population in the first 5 days of life. Furthermore, our data were collected by a single examiner and later reviewed by this examiner who was not part of the clinical decision process by NICU physicians.
CONCLUSIONS
Bowel motility can be readily visualized with bowel US. CM as quantified by US increases with postnatal and gestational age. US provides a non-invasive measure of peristalsis in preterm infants. Future directions for further study include examining the effect of feeding on bowel motility and the evaluation of infants with feeding intolerance.
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